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Cis-diamminedichloroplatinum(II) (cisplatin), platinum compound, is an anti-cancer agent
currently used for the treatment of a number of human solid cancers. It irreversibly reacts with
DNA to form an interconnection between guanine-group helices, resulting in cell death. Fur-
thermore, it is also associated with numerous adverse effects such as nephrotoxicity, neuro-
toxicity, and ototoxicity. Hearing loss due to cisplatin ototoxicity is usually permanent and bi-
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lateral. Many studies have been conducted on the ototoxicity of cisplatin, however, its pathology
and treatment have not been fully elucidated. Studies have reported that cisplatin inhibits the
action of adenylate cyclase in the stria vascularis, and hearing loss occurs due to a decrease in
the receptor current of the outer hair cells. In addition, it has been reported that morphological
changes in the inner ear include changes in outer hair cells and abnormal findings in the sup-
porting cells of the organ of Corti and Reissner’s membrane. Oxidative stress is known to be
the main cause of ototoxicity. In addition, it has recently been suggested that inflammation
may trigger inner ear cell death through autophagy, necrosis, and endogenous apoptosis. In
this review, we intend to provide a basis for the prevention strategy of cisplatin-induced oto-
toxicity by revealing its molecular targets and intracellular pathways.
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Fig. 1. Cochlear trafficking routes for systemically administered cisplatin. Blood-borne cisplatin enter the cochlea primarily from the cap-
illaries in the stria vascularis. Cisplatin enters endolymph potentially trafficking through OCT2 and CTR1 transporters in the marginal cells.
From the endolymph, these ototoxin enters the hair cell across their apical membranes. OCT2, organic cation transporter-2; CTR1,
copper-like transport-1; TMC1, transmembrane channel-like protein-1. Adapted from Kros and Steyger. Cold Spring Harb Perspect Med

2019;9(11):a033548."%%
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Fig. 2. Hypothesized mechanism of cisplatin-induced ROS production and related signaling in cochlear cells. Cisplatin induce ROS pro-
duction in cochlear cells by promoting the release of proinflammatory cytokines, increasing the activity of NADPH oxidases and xanthine
oxidase, and depleting the antioxidant defense system. Generated ROS by cisplatin promote inflammation, ROS generation, lipid per-
oxidation, protein nitration, and apoptosis. BAX, Bcl-2-like protein 4; Bcl2, B-cell ymphoma 2; COX2, cyclooxygenase 2; ERK1, extracel-
lular signal-regulated kinase 1; iNOS, inducible nitric oxide synthase; IL, interleukin; NO, nitric oxide; ROS, reactive oxygen species;
STAT1, signal transducer and activator of transcription 1; TNF-a, tumor necrosis factor a; APAF, apoptotic protease activating factor.
Adapted from Gentilin, et al. Trends Mol Med 2019;25(12):1123-32, with permission of Elsevier Ltd.""®
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Table 1. Summary of vulnerable gene to cisplatin ototoxicity

Cisplatin Induced Ototoxicity 1 Jung DJ

Gene SNP Potential function

ACYP2 rs1872328 Encodes enzyme that membrane pumps that affect Ca** ion homeostasis in the cochlea

LRP2 rs4668123  Associated with disease including hearing loss (Donnai-Barrow syndrome, Dent disease)
rs2075252

TPMT rs12201199 Methyltransferase, which decreased enzymatic activity leads to myelosuppression, gastrointestinal
rs1142345  intolerance, pancreatitis and hypersensitivity
rs1800460

SOD2 rs4880 Catalyses the metabolism of the highly toxic superoxide anion to hydrogen peroxide.

COMT rs9332377 Associated with sensorineural deafness due to degeneration of hair cell

ABCC3 151051640 ATP-binding cassette member of the MRP subfamily which is involved in multi-drug resistance

GSTM3 rs1799735 Alter the susceptibility to potential carcinogens and toxins

SLC22A2 15316019  Encodes CTR1, which is a plasma-membrane fransport-protein that has an essential role in cisplatin uptake

into cochlea hair cells

SNP, single nucleotide polymorphism; ATP, adenosine friphosphate; MRP, multidrug resistance-associated protein; CTR1, copper-

like transport-1

Table 2. Summary of otoprotective drug on cisplatin ototoxicity in various animal models

Drugs Animal/delivery route Mechanism of action Ref
Allicin Rat/IP Anti-oxidant 28)
Alpha-lipoic acid Mouse/IP Anti-oxidant 95)
Allopurinol Rat/oral Xanthine oxidase inhibitor 56)
Amifostine Hamster/IP Free radical scavenger 55)
B-lapachone (NAD+) Rat/oral Anti-oxidant 69)
Capsaicin Rat/oral TRPV1 agonist that desensitizes CB2R agonist 97,105)

Rat/intratympanic
Curcumin Rat/IP Upregulation of Nrf2/HO-1 pathway and 98)
modulating the p53, STAT3 and NF-kB activation
Copper sulfate Mouse/intratympanic CTR1 inhibitor 35)
D-methionine (D-Met) Rat/IP Anti-oxidant 100)
Dexamethasone Guinea pig/intratympanic Anti-inlammatory 106)
Dexamethasone loaded Guinea pig/IP Anfi-inlammatory 104)
nanoparticles (PEG-PLA)

Ebselen Rat/oral Glutathione peroxidase mimic 56, 61)
EGCG Rat/oral STAT1 inhibition 99)
Erdosteine Rat, guinea pig/IP Anti-oxidant and free radical scavenger 96)
Etanercept Rat/intratympanic TNF-alpha inhibitor 52)
L-methionine Rat/round-window Anfi-oxidant 107)
Lovastatin Mouse/oral gavage Inhibiting 3- HMG-CoA enzyme 102)
Pifithrin-a Mouse/IP P53 inhibitor 103)
Sodium thiosulphate Guinea pig/cochlear perfusion  Anti-oxidant 108)
Vitamin E (a-tocopheryl succinate) Rat, guinea pig/IP Free radical scavenger 101)

IP, Intraperitoneal; Ref, reference; PEG-PLA, polyethylene glycol-Polylactic acid; EGCG, epigallocatechin-3-gallate; HMG-CoA,

hydroxy-3-methylglutaryl-CoA
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